The majority of women with rheumatoid arthritis (RA) experience disease amelioration during pregnancy for unclear reasons. One possible explanation pursued and described here is whether the placenta produces a protein similar to the immunomodulating protein, ES-62, excreted by filarial nematodes. This protein has also been shown to reduce disease activity in animal models of RA. Eleven human placentas were prepared and a polyclonal anti-ES-62 antiserum was used to identify if any ES-62-like molecule exists from human placental tissues. Any bands identified were then excised from the gel and sent for mass spectrometry and protein identification. The antiserum showed consistent cross reactivity with the heavy chain from immunoglobulin G (IgG) from the eleven human placentas by mass spectrometry. No primary sequence homology between the heavy chain of IgG and ES-62 was identified. The placenta does not produce an ES-62-like molecule. However the binding of the antiserum to the Fc region of IgG suggests that this may be a possible mechanism for rheumatoid factor production in some patients with chronic filarial infections.
Introduction
About 70-80% of pregnant women with rheumatoid arthritis (RA) may experience disease amelioration during pregnancy. [1] [2] [3] [4] [5] However the mechanism of action by which this phenomenon occurs is unclear. 6 The Th1/Th2 hypothesis by Wegmann proposed that normal pregnancy induced a bias toward Th2 cytokine production. 7 Such a cytokine bias would reduce RA activity since RA is predominantly a Th1 driven disease. 8 This hypothesis has been challenged with a broader involvement of both NK cells and T cells producing predominantly type 2 rather than type 1 cytokines in normal pregnancy. 9, 10 The mechanism by which this cytokine bias occurs is unclear.
A possible hypothesis for the amelioration of pregnant women with rheumatoid arthritis is to consider that the placenta is serving in a parasitic role and modulating the immune system in the same way that parasitic infections dampen the host's immune response. Parasitic infections typically exemplify long term survival by down regulating the inflammatory response by the host, which is to the advantage of the parasite and also the host. 11 Therefore, could the placenta be producing a parasitic-like protein that is dampening the immune response to the fetus and also be dampening the immune response to the host's joints? Of interest is the fact that a filarial derived protein, known as ES-62, has immunomodulating properties and has been shown to reduce disease activity in animal models of RA. [12] [13] [14] [15] [16] This protein has also been shown to induce a Th2 response. 17 If the placenta serves a parasitic role in enabling the fetus to survive, one may ask if the placenta produces an ES-62-like molecule which modulates the immune system during normal pregnancy to cause a preferential type 2 over type 1 cytokine bias and thereby explain disease amelioration in RA. The ES-62 molecule is a 62 kDa glycoprotein secreted as a tetramer by the rodent filarial nematode Acanthocheilonema viteae and also produced by other filarial nematodes. 12 It appears that the primary anti-inflammatory mechanism of action of ES-62 is mediated by the phosphorylcholine moieties expressed by this glycoprotein. 16 Other work has shown that placental post-translational modification with phosphocholine of secretory polypeptides occurs and may play a role in the immunomodulation that takes place during pregnancy. 18 The focus of this research project sought to answer the question of whether human placentas produce an ES-62-like molecule. In order to maximize the possibility of finding such a molecule, a polyclonal anti-ES-62 antiserum (generously provided by Dr William Harnett) was used which could detect different features of the ES-62 molecule and thereby enlarge the tracking field for finding an ES-62-like molecule. 19 The strategy employed in this pursuit consisted of using this polyclonal antibody to identify on Western Immunoblotting any placental derived proteins that did react with the polyclonal antiserum and then subject such protein bands to mass spectrometry for comparison with the ES-62 molecule.
Materials and Methods

Placental preparation
Eleven placentas were obtained from pregnant women who delivered healthy babies and consented using IRB approved informed consent forms to procure their respective placentas for research purposes. Of these eleven subjects, eight were healthy, two (MM and KS) had rheumatoid arthritis, and one (BV) had gestational diabetes. All of the subjects delivered at term except for BV who delivered at 35.2 weeks. Each intact placenta, once obtained, was placed in a plastic container on ice and refrigerated and within 24-48 hours the placenta was processed by removing the umbilical cord and embryonic sac. It was then washed generously in physiologic saline three times, and then homogenized with a blender at medium speed for 30 sec and then slow speed for 1 min. Samples were then placed into conical tubes and centrifuged at 1400×g for 10 min, then the supernatant removed and stored frozen.
The tissue component was prepared by adding 10 mL of nanopure water to each individual conical tube on ice, then sonicating the placental tissue for 30 sec, then cool for 3 min, then repeating this process three times for each conical tube. Then 50 cc of nanopure water was added and mixed to each conical tube to create a hypotonic solution and cause cell lysis. Each sample was made 1:10,000 merthiolate (v/v), incubated at 4 degrees C for 48 hours, centrifuged at 1400×g for 25 min, after which the lysate was removed from the conical tube and stored at −20°C. A portion of mid thickness uterine tissue was obtained with appropriate informed consent from a woman having a hysterectomy for a benign indication. This tissue was processed by grinding the tissue with a mortar and pestle, suspending the sample in nanopure water, and then allowed to incubate at 4°C for 48 hours, and centrifuged at 1400×g for 25 min. The lysate was then removed from the conical tube and stored at −20°C.
SDS-PAGE and Western immunoblotting
Frozen lysate from a given placental or uterine sample, as described above, was thawed, centrifuged 10,000 g × 13 min, the supernatant collected, made 30 mM EDTA (Sigma), mixed well and incubated at room temperature × 30 min with gentle rocking. This solution was centrifuged at 10,000 g × 13 min, the supernatant collected, and treated with DNase/RNase preparation (Sigma; final concentration 5 ug/mL), incubated at 37°C for 1 hour, then centrifuged 5000 g × 10 min. The supernatant was collected and filtered with 0.22 micron Millipore and stored at −20°C and represented a purified lysate sample.
In preparation for SDS-PAGE and Western Immunoblotting, the purified lysate samples were thawed, made 1:5 HES buffer (10 mM HEPES, 10 mM EDTA, 250 mM sucrose), then added either reducing or non-reducing lane marker solution (Thermo Scientific Pierce, Waltham, MA, USA). Samples were then boiled for 10 min, and aliquots layered onto 8% or 10% precast Precise Tris-HEPES gels (Thermo Scientific Pierce) for SDS-PAGE. After completing the electrophoresis, gels were either stained with Imperial Protein Stain (Thermo Scientific Pierce), or performed Western Immunoblotting using reagents and colorimetric testing with horseradish peroxidase (KPL, Gaithersburg, MD). When performing the Western Immunoblot the primary antibody, consisting of the rabbit polyclonal anti-ES-62 antiserum, was made 1:1000 dilution. This antiserum was provided by Dr. William Harnett, Department of Immunology, University of Strathclyde, Glasgow, UK. Details regarding this antiserum have been previously reported. 19 Briefly, Dr Harnett indicated that this antiserum was raised by injecting purified ES-62 into rabbits, and then treating the serum to Protein A column chromatography and the resulting product was shown to react with phosphorylcholine attached to N-type glycans, and also to both sequential (primary structure) and conformational (tertiary structure) epitopes. Also the polyclonal antiserum is able to recognize PC conjugated to N-type glycans but not PC conjugated to BSA. There was no non-specific binding of this antiserum to the Fc region of immunoglobulins (personal communications with Dr Harnett). Also Dr Harnett kindly provided the purified ES-62 molecule at 250 ug/mL endotoxin free, sterile, and filtered.
SDS-PAGE and Western Immunoblotting was performed on the serum samples of healthy males and non-pregnant females under reducing conditions using the polyclonal anti-ES-62 antiserum. Serum samples were obtained with appropriate informed consent.
Protein identification
An affinity chromatography column was prepared using HiTrap NHS-activated HP (GE Healthcare 17-0716-01) and followed protocol (GE Healthcare 71-7006-00) using the rabbit polyclonal anti-ES-62 antiserum. The purified placental lysate sample (KS) was subjected to affinity chromatography. The eluted sample was tested using SDS-PAGE and Western Immunoblotting under reducing conditions and revealed a 50 kDa protein band. This same band was visualized using SDS-PAGE, stained with Imperial Protein Stain, and the band carefully excised from the gel and sent to ProtTech Inc (Norristown, PA, USA) for protein sequencing and identification using proprietary technique and mass spectrometry. In brief ProtTech's proprietary technique consists of taking the protein gel band, distaining it, cleaning it, and digesting in-gel with sequencing grade modified trypsin. The resulting peptide mixture was analyzed by a LC-MS/MS system, in which a high pressure liquid chromatography (HPLC) with a 75 micrometer inner diameter reverse phase C18 column has on-line coupling with an ion trap mass spectrometer. The mass spectrometric data acquired was matched to the most recent nonredundant protein database from NCBI's GenBank with ProtTech's proprietary software.
Size exclusion and protein A chromatography
Frozen purified placental lysates from four placental tissues (KS, MP, MC, RA) were thawed, and 5 mL samples were each applied to a HiPrep 26/60 Sephacryl S-200 HR column at flow rate 1.0 mL/min in 0.05 M phosphate, 0.15M NaCl buffered saline, pH 7.8, and the fractions were tested for reactivity with polyclonal rabbit anti-ES-62 serum using Western Blots. The fractions from 132 to 150 minutes showed positive reactivity and therefore were pooled, and then concentrated using Millipore spin concentrators (nominal molecular weight limit 100 kDa), and then mixed 1:1 with Protein A IgG Binding buffer (0.02 M NaCitrate, 0.1M phosphate buffer, pH 7.4, Thermo Scientific Pierce), and then applied to Protein A column (5 mL Protein A/column, Thermo Scientific Pierce). The column was washed with binding buffer at 10× column volume and until the absorption was zero, and then eluted immunoglobulin with Immunopure IgG elution buffer (0.02 M NaCitrate, 0.1M NaCl, pH 2.5, Thermo Scientific Pierce) at 1 mL/min and collected fractions. These fractions were made 0.05 M phosphate, 0.15 M NaCl buffered saline, pH 7.4 using a desalting column and then the samples were concentrated using Millipore concentrators by performing about 2-3 cycles of concentrating and then adding buffer. Protein concentrations were assayed using BCA technique and then samples stored at -20 degrees centigrade. When ready for testing, a given sample was thawed and then subjected to SDS-PAGE.
Protein A purification and papain digest of immunoglobulin G
The serum of subject TR was made 1:1 with Protein A IgG Binding buffer (0.02 M NaCitrate, 0.1M phosphate buffer, pH 7.4, Thermo Scientific Pierce), applied to Protein A column as described above. The final eluted and concentrated product was then treated with immobilized papain (Thermo Scientific Pierce), and then the fractions passed over a Protein A column again and the non-eluted and eluted fractions tested by SDS-PAGE and Western Immunoblotting.
Results
Does an ES-62-like molecule exist in the human placenta?
The polyclonal antibody to ES-62 was shown to bind cleanly to the ES-62 molecule, thereby serving as a positive control ( Figure 1D ). Then the purified placental tissue lysate from 11 donors were prepared using HES buffer and examined under non-reducing conditions using SDS-PAGE and Western Immunoblotting and showed the characteristic pattern of immunoglobulin G intracellular assembly ( Figure 1A ) consisting of H2L2, H2L, H2, and H chains (H: heavy chain; L: light chain). The same samples were subsequently tested under reducing conditions using SDS-PAGE and Western Immunoblotting and showed predominantly the H chain band ( Figure 1B) . These findings suggested that the polyclonal anti-ES-62 anti-serum was not identifying the characteristic pattern of ES-62 on Western Immunoblotting but rather recognizing the features of an immunoglobulin H chain. Characterization of the placental derived immunoglobulin G As described in Materials and Methods, an aliquot of the purified placental lysate of KS was poured over an affinity column made with the rabbit polyclonal anti-ES-62 antiserum. The eluted sample was subjected to SDS-PAGE under reducing conditions, and the Western Immunoblotting revealed a 50 kDa molecular weight protein similar to what is shown in slot 2 on Figure 1B . The eluted sample was again tested with SDS-PAGE only and the gel stained with Imperial Protein Stain. This protein band, corresponding to the 50 kDa protein, was excised and sent for protein analysis. These findings (Table 1) showed only one protein or hit that corresponded to the eleven different polypeptide sequences identified by mass spectrometry. The protein identified by mass spectrometry had a protein mass of 52,766.1 kDa and was identified as being a match to IgG1 H chain with BLAST identification number AAH69016.1. There was no evidence of any sequences corresponding to ES-62 molecule.
In order to validate this finding, four purified placental lysates (KS, MP, MC, RA) were all subjected to size exclusion chromatography. The fractions were tested using SDS-PAGE and Western Immunoblotting using the polyclonal anti-ES-62 antiserum and the fractions shown in Figure 2 had positive reactivity with the antiserum.
These fractions were collected, concentrated, and tested with Protein A column chromatography. The eluted samples were tested under reducing conditions with SDS-PAGE and the identified 50 kDa molecular weight band sent for protein analysis using mass spectrometry. Table 2 shows that the antiserum does indeed cross react with primarily the H chain of IgG. No ES-62-like molecular sequences were identified. The mass spectrometry did not report on carbohydrate side chains or the presence of phosphocholine. Of note, the PC found in ES-62 is conjugated to N-type glycans -and PC-glycans are not present in humans. 12 To determine if these findings were unique to placental samples, the serum of healthy males and non pregnant females were tested with the polyclonal antiserum. This testing revealed that the polyclonal antiserum was binding to all IgG H chains found in the sampled subjects and there was no reactivity with alpha-fetoprotein ( Figure 1C ). There was reactivity with uterine tissue lysate suggesting infiltration of IgG into uterine tissue or cross reactivity with carbohydrate side chains on glycoproteins. As the rabbit polyclonal anti-ES-62 anti-serum shows no binding to the presumed L chain, it's important to identify whether the antiserum was seeing the Fab or Fc portion of the H chain. Therefore protein A purified IgG from the serum of TR was treated with papain and then subjected to SDS-PAGE and Western This sample of KS was obtained by affinity chromatography and SDS-PAGE, and the protein band excised and analyzed as described in Methods and Materials. The sequence numbers correspond to the sequences found on the reference BLAST protein. Immunoblotting ( Figure 1E ). This demonstrated that the polyclonal anti-ES-62 anti-serum is binding to the Fc portion of the H chain. Interestingly the carbohydrate moieties on immunoglobulin G are selectively attached to the CH2 domain in the Fc region at N-linked glycosylation site at asparagine-297. 20 To better understand the cross reactivity occurring between the polyclonal anti-ES-62 antiserum with the heavy chain of immunoglobulin G, a BLAST search was conducted. The reference immunoglobulin G heavy chain identified with KS (accession number AAH69016.1) was compared to the aminopeptidase ES-62 molecule (accession number AAC28365.1). This comparative search revealed no primary sequence similarity with an E-score 0.26. Therefore any cross reactivity between the polyclonal antibody and immunoglobulin G heavy chain must be due to shared carbohydrate moieties. The only carbohydrate moieties identified in IgG proteins are localized in the Fc region -the same region shown on papain digestion to still show cross reactivity with the antiserum.
Discussion and Conclusions
The purpose of this research was to test whether the placenta produced an ES-62-like molecule, thereby providing an explanation for the ameliorating effect of pregnancy on patients with rheumatoid arthritis. As the nature of a putative placental derived ES-62 -like molecule was not known at the onset of this investigation, the use of a heterogeneous polyclonal antibody to ES-62 provided a broader scope for testing. This polyclonal anti-ES-62 antiserum recognized several features of the ES-62 molecule inclusive of the phosphorylcholine conjugated to the N-type glycans, and primary and tertiary structures. The cross reactivity between the polyclonal antiserum and human placental lysates was due to the heavy chain of immunoglobulin G. Based on mass spectrometry, no primary ES-62 structure was identified.
The cross reactivity between the polyclonal antiserum and the heavy chain of immunoglobulin G must be due to similar carbohydrate moieties. The carbohydrate structures of ES-62 and immunoglobulin G share a common core of sugars consisting of N-acetylglucosamine conjugated to mannose, and then mannose linked to N-acetylglucosamine. 12, 20 Whereas the phosphocholine in ES-62 is conjugated to N-type glycans, no such conjugation has been shown to exist in humans. Therefore the common antigenic structure between these glycoproteins must be the core sugars without phosphocholine. Interestingly this observation of seeing the polyclonal antiserum bind to immunoglobulin G defines the polyclonal antibody as a rheumatoid factor and may explain the occurrence of rheumatoid factor in chronic filarial infections. Hamilton et al. did make a comment regarding their experience of 16% prevalence of rheumatoid factor in patients with filariasis. 21 The original observation that pregnancy improves the signs and the symptoms of about 70-80% of pregnant women with rheumatoid arthritis (RA) was reported by Phillip Hench in 1938 , 22 and was believed to be due to some substance X. 6, 23 This observation contributed eventually to the discovery of corticosteroids and for which the Nobel Prize in Medicine in 1950 was awarded to Drs. Edward Kendall and Phillip Hench and Tadeus Reichstein. There have been several other reports confirming that the majority of women with RA do experience disease amelioration during pregnancy. 6 One report demonstrated the ameliorating effect of a postpartum autologous plasma transfusion in a patient with rheumatoid arthritis. 24 Dr Hench believed that corticosteroids were substance X, 25 but subsequent studies have not supported this claim. 6 One hypothesis tested in this work was whether an ES-62-like molecule existed that might represent substance X. 
